The uptake of predictive testing for Huntington disease informs our understanding of decision making by those at risk and assists with planning for service provision. Uptake figures have been reported from several centers based on the total number of people who have undertaken predictive testing as a percentage of those estimated to be at 50% risk in the region. This method produced a figure of 35% from our own service, much higher than observation of the local pedigrees indicated, and higher than other published reports. We have identified some errors in the commonly used formula. The major errors are the use of the cumulative total of those who have had testing with a static denominator of those at 50% risk, and the failure to exclude from the at-risk group those who are too young and therefore ineligible to test. We report data from the Huntington Disease Register of Victoria and estimate the prevalence to be 8 per 100 000 in 1999. Additional data on individuals at risk were collated. We found that for every diagnosed person there were 4.2 individuals at 50% risk, a lower ratio than one to five hypothesized in the literature. We examined these ratios in the context of uptake.Significantly, we provide a solution to the calculation of uptake with a formula that factors in a dynamic denominator and corrects for the number of years testing has been offered. Using this formula, we calculated an uptake of 13.0 -15.4% for the state of Victoria, Australia. This formula can be used to compare uptake across different centers.
Introduction
Predictive testing for Huntington disease (HD) has been available by linkage analysis since the late 1980s and direct mutation detection since 1993. The uptake of predictive testing for HD is a focus of interest for those involved with clinical practice and has been reported in a number of studies (Table 1) . Uptake has generally been calculated from the number of individuals who have had predictive testing as a proportion of the number estimated to be at risk in the population, expressed as a percentage.
Applying this formula to data from our center, uptake at the end of 1999 was 24%, and in 2004 it was 35%. This proportion was higher than the observations made by the HD Counsellor working with families attending this center, which is the sole service provider for a large geographical area. 10 This prompted examination of the uptake formula used in other studies.
The conventional method of calculating uptake Table 1 summarizes published uptake reports. Most authors have used the prevalence of HD in the country or region as a basis to then estimate those at 50% risk of HD, using a ratio of one symptomatic individual to five individuals at 50% risk. 1, 4, 5, 7 It is unclear how this figure was reached in two of the studies. 3, 6 To calculate uptake, all authors have then taken the total number of individuals who have completed predictive testing from the time testing was first offered at their center, as a proportion of those at risk, and expressed this proportion as a percentage. Two early studies 8, 9 (not shown in Table 1 , as later studies incorporated these data) appear to be the first to use this calculation. These two studies do not use the term uptake but report on candidates and applicants currently in their testing programs as a proportion of those at risk. An English report, 11 which is the first to use the term uptake in relation to predictive HD testing, is a descriptive paper on clients known to their testing program, a subgroup of those at risk. These early studies do not report on those who have specifically completed testing so are not comparable and therefore not included in Table 1 . Although prevalence of HD is estimated and reported in regions (Table 1) , it is problematic determining the size of the group at 50% risk. To estimate this group, Conneally 2 proposed a theoretical ratio of one symptomatic individual to five individuals at 50% risk, based on the observation that an individual who develops HD will be symptomatic for approximately one-third of his/her life. Thus, for every symptomatic individual, there will be two who are gene positive but presymptomatic; and for every gene positive individual, he reasoned, there will be another person who is gene negative. The ratio of 1:5 has become an accepted convention. 1, 4, 5, 7 Problems identified with the conventional method of calculating uptake Use of a cumulative total of those who have tested while the figure used for those at risk remains static A major problem we have identified with the accepted methodology for calculating uptake, is the use of the cumulative total of those who have undertaken predictive testing. This is clearly dependant on the number of years the service has been offered. The problem can be seen in Table 1 with a reported uptake figure of 3% over 4 years from Laccone et al, 3 which contrasts with an uptake of 24% over 10 years from that of Maat-Kievit et al. 4 Using the accepted uptake formula, the uptake through our genetic service was 24% in 1999 and 35% by 2004. At the current rate of testing, by the year 2034 we can project that uptake will be greater than 100%, an obvious absurdity. The numerator used by the authors in Table 1 is a dynamic figure, being the total (cumulative) number of individuals at 50% risk who have completed predictive testing. We have clarified, above, that the time periods in the studies vary significantly, ranging from 2 to 13 years, and that the numerator increases the longer the period of the study.
The denominator used by the authors has been a static number, being the estimated number of individuals at 50% risk of HD at a single point in time. This figure will be a relative constant over time as it has been based on a point prevalence of symptomatic HD in that region. However, Wording and uptake percentages are those given by authors of the studies.
a As some data collection periods did not extend for the entire calendar year, the reported total years is also given here. b Includes data from an earlier study by Tibben et al. the individual members who comprise the group at 50% risk over the study period will, in fact, increase -or cumulate -over time.
If a cumulative numerator is used, then to accurately assess uptake, a cumulative denominator must also be used. Individuals in the designated region within the study period will have become at risk and joined the pool of potential testees over that same period. It is only by using a cumulative denominator that an accurate uptake can be calculated.
Restated, an uptake calculation needs to incorporate all those who have tested (numerator) as a proportion, expressed as a percentage, of all those who could have tested (denominator) for the nominated period.
Eligibility for testing by age A second problem identified relating to the calculation of uptake is eligibility for testing by age. Only data of those eligible to access predictive testing are valid for use in an uptake calculation. Predictive testing protocols specify that only those who have attained the age of majority are eligible to access predictive testing. 12 Calculation of the number of individuals at 50% risk of HD without excluding those who are too young to test is invalid. Harper et al 5 took age into account in reporting uptake but other studies summarized in Table 1 do not. In 1999, examining data from the Huntington Disease Register of Victoria (see below), individuals in Victoria aged 19 years and below (n ¼ 78) represented 5.6% of the group at 50% risk (Figure 1) , and most of this subgroup would not qualify to test by age. Although the age of majority in this state is 18 years, the data were not available from the Register to provide for this more precise percentage calculation.
Estimation of the size of the group at 50% risk An important factor requiring clarification in an uptake calculation is the method of determining the number of individuals at 50% risk of HD in a particular region. Most estimates 1, 4, 5, 7 have used Conneally's 1:5 (symptomatic: at 50% risk) ratio to determine this figure. The accuracy of this ratio is therefore important to obtain an accurate estimate of uptake of the predictive test. We examined
Conneally's ratio with reference to empirical data from this region.
The Huntington Disease Register of Victoria was initiated in the 1950s and regularly maintained from the 1970s by two of the present authors (EC and BT) at a centralized HD clinic. Ascertainment of all cases of HD in the state of Victoria was undertaken at the end of 1999 (BT and RT). At that time, there were 329 -339 individuals with a diagnosis of HD known to the Register. The uncertainty regarding 10 individuals was due to changes in access to formal death notification. The averaged figure (334 individuals) is used in the remainder of this paper.
An additional data source for the ascertainment was the sole DNA laboratory undertaking HD genetic testing for the state and included all individuals symptomatically confirmed from 1993 to 1999 (inclusive). There were 48 individuals who had been confirmed by DNA analysis who were not known to the Register. It is not known if any of these 48 had died between the time of diagnosis and the end of 1999.
In total, 382 individuals had a diagnosis of HD at the end of 1999. The population of Victoria in 1999 was reported as 4 736 000 13 giving a prevalence of HD of 8.0 per 100 000.
The Register also held information on those at risk of HD. Individuals were defined as being at 50% risk if a parent had HD. Data on those at risk of HD did not have the methodological rigor of neurological examination to confirm asymptomatic status of the individuals. Some information was provided by family members and, in some instances, may have been several years old. Despite the limitations, the information is still valuable to this discussion.
The Register indicated that there was a total of 1391 individuals at 50% risk of HD at the end of 1999, shown in Figure 1 . Individuals known to the Register to be diagnosed with HD at the same time was 334 (88.8% of the total cohort diagnosed with HD). The observed ratio was therefore one diagnosed individual to 4.2 at 50% risk (1:4.2), which differs from the theoretical ratio of 1:5. By contrast, empirical data reported from the The Netherlands is very similar to Conneally's 1:5 ratio. 4 A further factor that also requires clarification in an uptake calculation is exclusion of those who have tested at 25% risk or with a presymptomatic (gene positive) parent. 
Problems assessing uptake in HD RJ Tassicker et al
Although these individuals are eligible for predictive testing, for the purposes of calculating uptake, the criterion of a parent with symptomatic HD determines that an individual is at 50% risk. This criterion needs to be consistently applied in an uptake calculation.
A proposed solution
One way to accurately estimate the uptake of predictive testing for HD would be to establish a cohort of those at 50% risk and follow participants from the age when they become eligible for predictive testing until they undergo predictive testing, have onset of symptoms or reach old age. This is clearly very costly and impractical.
Here, we propose a method to estimate the uptake of predictive testing. It requires the specification of three factors explained above:
(1) The number of people at 50% risk of HD at the beginning of the study period, which includes a deduction for those who have not yet reached the 'age of majority'. (2) The cumulative number of people at 50% risk of HD over the period of the study. (3) The duration of the study period.
The number at 50% risk who are eligible for predictive testing is typically calculated from the prevalence of symptomatic HD, using a 1:5 ratio, proposed by Conneally.
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One study finds this proposed ratio accurate, 4 whereas our own data suggest it is an overestimate. Those aged less than the 'age of majority' are generally ineligible for predictive testing, so the calculated number who are at 50% risk should be reduced accordingly (the best estimate is 5.6% in Victoria). All previous calculations of the uptake of predictive testing among those at 50% risk have incorrectly used a static figure for the number of individuals at 50% risk of HD (the denominator in the uptake proportion). This denominator should include all people in the geographical region serviced by the predictive testing program who were eligible for predictive testing during the study period. The correct figure consists of the number of people at 50% risk who have reached the age of majority on the day the study begins (denoted 'P') plus the number who become eligible over the course of the study. One way to estimate the additional number of people who become eligible over the period of the study is to assume that each individual who was symptomatic at the start of the study period (and who therefore contributed five people who were at 50% risk) and who dies is then 'replaced' in the population by another symptomatic individual, thus maintaining a steady population prevalence of symptomatic HD. The five people at 50% risk attributable to the deceased individual are joined in the total group at 50% risk by five new individuals because another person became symptomatic with HD who has 'replaced' the deceased individual.
We use a disease duration (from symptom onset to death) of 18.8 years, being the average of two figures (16.2 years and 21.4 years), which report median disease duration on large cohorts. 14, 15 We therefore estimate the cumulative number who have been at 50% risk of HD and eligible for predictive testing (denoted 'D') as The uptake using our empirical data of the number at 50% risk is:
As the numerator and denominator are both dynamic numbers over the same time period, the actual time period is corrected for.
Discussion
A method to assess uptake of predictive testing is of vital interest to clinicians and service providers and is a focus of numerous, major reports from testing centers ( Table 1) . Some commentators 16 have hypothesized regarding apparent differences in uptake between countries or regions. However, if the previously accepted calculation for uptake is inaccurate, we contend that such constructions could not be supported.
Our proposed uptake formula does not accommodate more sophisticated population dynamics such as immigration/emigration or a shift in demographic profile over time. Nevertheless, the results from this method of estimation fit much better with our clinical observations than uptake figures derived using the previously accepted method of calculation. Our proposed formula takes into account the fact that the number eligible for predictive testing is not static but rather a cumulative number that increases over time, as more people become at 50% risk as a result of a parent becoming symptomatic with HD. This proposed formula, which accounts explicitly for the study duration, now allows for calculation and comparison of uptake across centers where a different period of testing is being reported.
